1. Introduction {#sec1}
===============

The human skin is home to large and diverse populations of bacteria, fungi and viruses that collectively compose the skin microbiota \[[@bib1]\]. The skin provides diverse microenvironments that vary in acidity, temperature, moisture and sebum content \[[@bib2]\]. Cutaneous invaginations and appendages, including the sweat glands (eccrine and apocrine), sebaceous glands and hair follicles, are occupied by their own unique residents \[[@bib3]\]. For example, *Propionibacterium* sp. are the dominant microorganisms in sebaceous areas, whereas *Staphylococcus* and *Corynebacterium* are the most abundant species colonising moist areas \[[@bib1]\]. The dry sites are reportedly home to a mixed population of microorganisms dominated by Gram-negative bacteria \[[@bib4]\].

Recent advances in the function of the skin microbiome have revealed a strong symbiotic relationship between the microbiota of the skin and host. The dysbiosis of the microbiome and other factors influence the surface microbiota and can affect homeostasis and keratinocyte function. The symbiotic relationship between the skin microbiota and host can be used as a guide for microbial exploration for the development of active pharmaceuticals for use as cosmetics and skin care \[[@bib5]\].

Conventionally, skin microbial communities are explored with the use of cultivation methods and continued by examinations of physiological and biochemical characteristics, which are relatively time-consuming. Thus, to circumvent the bias imposed by cell culture and to capture the diversity of the microbiome as a whole, investigators began applying sequencing methods using sequence variations in conserved taxonomic markers as molecular fingerprints to identify members of microbial communities \[[@bib1]\].

As fecal transplant of gut microbiome has been proven with a successful story to treat certain disease that is approved by FDA \[[@bib6], [@bib7]\], skin microbiome may become an interesting therapeutic option in diseases affecting the skin such as psoriasis or acne vulgaris \[[@bib8]\]. Interestingly, the modulation of the skin microbiome composition was reported successful which has been carried out by adding mixtures of different skin microbiome components \[[@bib8]\], or also known as bacterial cocktail.

The idea was to develop novel therapeutic approach which focuses on the act of molecules that are secreted, modulated, or degraded by the microbiome obtained from skin of healthy people to treat unhealthy ones in a same background population of people.

In this study, determination of skin microbiota population from healthy Indonesian male and female was first conducted by employing Next Generation Sequencing (NGS) of total DNA obtained from direct swab sample targetting 16s rDNA. Further, in order to obtain cultivable bacteria, the same swab samples were cultured to obtain single colonies; single colonies species determination were carried out by 16s rDNA Sanger sequencing.

2. Materials and methods {#sec2}
========================

2.1. Participants {#sec2.1}
-----------------

Skin bacterial samples were obtained from the healthy skin of eight young male and female volunteers (age range, 17--25 years) from Depok, West Java, Indonesia, who provided written informed consent. All participants were free from dermatologic diseases (i.e. atopic dermatitis and psoriasis) and were not using antimicrobials. The study participants were asked not to wash their faces for 5 h prior to sampling and not to use cosmetics or skin care products on the day of sampling.

2.2. Collection of skin swab samples {#sec2.2}
------------------------------------

Sampling was carried out in a sterile room by swabbing on forehead and cheek skin of eight healthy young participants aged 17--25 years (four males and four females) with two sterile cotton swabs pre-moistened by recovery diluent (0.9% NaCl and 0.1% Tween-20). All participants were free from dermatologic diseases (i.e. atopic dermatitis, psoriasis) and were not on antimicrobial treatment. They were asked not to wash their face 5 h prior to sampling and not to wear cosmetics and skin care products on the sampling day. The study was approved by the Ethics Committee of the Faculty of Medicine, Universitas Indonesia No. 0049/UN2.F1/ETIK/2019, Protocol Number 19-01-0069 (Supplementary file 2). A written and signed informed consent was obtained from each participant prior to sample collection.

The cotton buds of the swabs were cut aseptically, put into 1 mL of recovery diluent in 2-mL microcentrifuge tubes and then homogenised by vortexing \[[@bib63]\]. For Next Generation Sequencing (NGS) analysis, sampling was carried out four times on different days for each subject between February and April 2019 to maximise the recovery of uncultured skin bacteria.

2.3. Bacterial isolation and identification of sample from swab {#sec2.3}
---------------------------------------------------------------

Liquid samples were serially diluted to 10^−1^ and 10^−2^ with recovery diluent. Each diluted sample was then spread on two blood agar plates with the use of glass beads. One plate was cultured at 37 °C for 2 days to culture aerobic bacteria, whereas the other plate was cultured in an anaerobic jar at 37 °C for 2 days to culture anaerobic bacteria. After 48 h of culture, the number of colonies on each medium was counted using a plate counter. Colonies with relatively high abundances were selected for visual identification by colony morphologies and microscopically by Gram staining. The selected colonies were subcultured in 7 mL of tryptic soy broth at 37 °C for 48 h under aerobic and anaerobic conditions. Afterwards, 600 μL of liquid culture was transferred into a sterile 2-mL microcentrifuge tube, and 600 μL of 85% sterile glycerol was added to prepare a frozen stock that was stored at −80 °C.

2.4. DNA extraction {#sec2.4}
-------------------

Liquid cultures of bacterial isolates in tryptic soy broth were centrifuged at 14000 × *g* for 2 min. Genomic DNA (gDNA) was extracted from the bacterial pellet using the Presto™ Mini gDNA Bacteria kit (Geneaid Biotech, Ltd., New Taipei City, Taiwan) in accordance with the manufacturer\'s protocol. For NGS, liquid samples in recovery diluent were collected into one microcentrifuge tube and centrifuged at 14000 × *g* for 2 min, and gDNA was directly extracted from the bacterial pellet.

2.5. Skin microbiome analysis by NGS of 16S rRNA {#sec2.5}
------------------------------------------------

The concentration and purity of the gDNA were visualised on 1% agarose gels. According to the concentration, the gDNA was diluted to 1 ng/μL with sterile water. The V3--V4 regions of 16S rRNA (16S) were amplified using specific primers (i.e. 16S V4: 515F-806R). Polymerase chain reaction (PCR) analysis was conducted using Phusion® High-Fidelity PCR Master Mix (New England Biolabs, Ipswich, MA, USA). The PCR products were mixed with the same volume of 1× loading buffer (containing SYB green fluorescent cyanine dye) and then separated by electrophoresis on 2% agarose gels. Samples with bright bands of 400--450 bp were chosen for further analysis. gDNA libraries were generated using the Ion Plus Fragment Library Kit (Thermo Fisher Scientific, Waltham, MA, USA) and quantified by Qubit fluorometric quantitation and quantitative PCR. The samples were sequenced using the Ion S5 XL System (Thermo Fisher Scientific).

2.6. 16S rDNA PCR and sequencing of cultivable bacterial isolates {#sec2.6}
-----------------------------------------------------------------

Two universal primers (27F: 5′-AGA GTT TGA TCM TGG CTC AG-3′ and 534R: 5′-ATT ACC GCG GCT GCT GG-3′) \[[@bib47]\] were used to amplify the bacterial 16S rRNA gene-coding region. Amplification reactions were performed in a total volume of 50 μL containing 6 μL of extracted gDNA as the template, 6.5 μL of ddH~2~O, 25 μL of 2× KOD Fx Neo Buffer, 10 μL of 2 mM deoxyribonucleotide triphosphate, 0.75 μL of 20 mM primers 27F and 534R and 1 μL of KOD Fx Neo polymerase (Toyobo Co., Ltd., Osaka, Japan). PCR amplification was performed using a standard thermocycler (Biometra GmbH, Göttingen, Germany) under the following parameters: 95 °C for 5 min, followed by 30 cycles at 95 °C for 30 s, 63 °C for 30 s, 68 °C for 40 s and a final extension at 68 °C for 6 min. The DNA sequences of the PCR products were analysed using the Basic Local Alignment Search Tool (<http://www.ncbi.nlm.nih.gov/BLAST>) for species identification.

2.7. Nucleotide sequence accession numbers {#sec2.7}
------------------------------------------

The 0.4--0.5-kb sequences of the 16S rDNA of 13 isolates determined in this study were deposited in the GenBank database under the accession numbers listed in Supplementary file 1.

2.8. Limitations {#sec2.8}
----------------

We limited our study to 20 isolates obtained from 8 subjects for cultivable method and 6 subjects for NGS profiling, thus statistical bias was possible.

3. Results {#sec3}
==========

3.1. Microbiome profile {#sec3.1}
-----------------------

Skin microbiota samples from both female and male volunteers were analysed using the NGS technique. A total of 129744 reads in the 16S rRNA gene library were grouped into operational taxonomic units (OTUs) based on the genetic distances on a neighbour-joining tree ([Figure 1](#fig1){ref-type="fig"}). A GraphlAn figure portraying the taxonomy tree of each group separated by their phyla was generated ([Figure 2](#fig2){ref-type="fig"}). The top 10 genera with the greatest relative abundances included *Corynebacterium*, *Brevibacterium*, *Brachybacterium*, *Kocuria*, *Micrococcus*, *Propionibacterium*, *Truepera*, *Staphylococcus*, *Streptococcus* and *Paracoccus* ([Figure 3](#fig3){ref-type="fig"}). From the top 10 genera, 21 bacterial species with the highest relative abundance were obtained. We categorized the bacteria as commensal, opportunistic pathogen, or potential probiotic according to the literature study as described in [Table 1](#tbl1){ref-type="table"}.Figure 1Reads and OTUs number of each samples. Female samples (F1, F2, F3) showed higher reads and OTUs number compared to male samples (M1, M2, M3).Figure 1Figure 2OTU annotation tree construct of female sample group (A) and male sample group (B). The size of circles signifies the abundance of species. Solid circles stand for the top 40 species in high abundance. In female sample group, the most abundant species were from phyla Actinobacteria, Bacteroidetes, Firmicutes, and Proteobacteria marked by red, indigo, blue, and green colors respectively. In male sample group the most abundant species were from phyla Actinobacteria, Firmicutes, and Proteobacteria, marked by green, indigo, and red colors respectively.Figure 2Figure 3Taxonomy tree of specific species from top 10 genus in high relative abundance. 21 bacterial species with highest relative abundance were identified based on top 10 genus *Corynebacterium, Brevibacterium, Brachybacterium, Kocuria, Micrococcus, Propionibacterium, Truepera, Staphylococcus, Streptococcus,* and *Paracoccus.* Relative abundance in female sample group (F) was marked as red, and male sample group (M) was marked as blue.Figure 3Table 1Characteristics of detected abundant species.Table 1SpeciesCharacteristicsReferences*Corynebacterium amycolatum*Opportunistic pathogen, natural flora on human skin and mucous membranes, often found in immunosuppressed patients\[[@bib9], [@bib10]\]*Corynebacterium imitans*Isolated from patients with suspected diphtheria\[[@bib11]\]*Corynebacterium riegelli*Isolated from female patients with urinary tract infections\[[@bib12]\]*Corynebacterium tuberculostearicum*Normal human skin microbiota, opportunistic pathogen\[[@bib13]\]*Corynebacterium variabile*Non-pathogenic, isolated from smear-ripened cheeses\[[@bib14]\]*Brevibacterium luteolum*Potential pathogenic (case report study), potential biosurfactant\[[@bib15]\]*Brachybacterium* sp.Isolated from gut microbiota of healthy infants\[[@bib16]\]*Kocuria kristinae*Non-pathogenic commensal can cause opportunistic infections\[[@bib17]\]*Kocuria palustris*Isolated from the rhizoplane of the narrow-leaved cattail\[[@bib18]\]*Kocuria rhizophila*Opportunistic pathogen\[[@bib19]\]*Micrococcus* sp.Possesses antimicrobial activity against food-borne pathogens\[[@bib20]\]*Propionibacterium acidipropionici*Probiotic microorganism modifies number of anaerobes and coliform caecal content\[[@bib21], [@bib22]\]*Propionibacterium avidum*Cause of soft tissue infections, potential immunomodulator, treatment of neoplastic and infectious diseases, potential source of active metabolites\[[@bib23], [@bib24], [@bib25]\]*Propionibacterium granulosum*Immunomodulatory potential\[[@bib26]\]*Propionibacterium propionicum*Cause infections of the lacrimal apparatus\[[@bib27]\]*Truepera* sp.Radiation resistant species, possessing thermostable amylosucrase activity\[[@bib28], [@bib29]\]*Staphylococcus caprae*Pathogen, causes bacteraemia and native bone infection\[[@bib30]\]*Staphylococcus lentus*Pathogen, causes peritonitis\[[@bib31]\]*Streptococcus agalactiae*Human pathogen that colonises the urogenital and/or the lower gastro-intestinal tract\[[@bib32]\]*Streptococcus intermedius*Pathogen which causes periodontitis and pyogenic infections in the brain and liver\[[@bib33]\]*Paracoccus* sp.Probiotic dietary supplement for livestock\[[@bib34]\]

3.2. Bacterial strain identification {#sec3.2}
------------------------------------

To identify the cultivable bacteria, 20 selected bacterial isolates from the eight volunteers were further phenotypically analysed by colony morphology and Gram staining. Parameters for morphological identification, such as pigment, shape, haemolysis, elevation, margin and surface characteristics, were considered for selection (see Supplementary file 1). The purity of individual species was confirmed by sub-culturing single colonies on new agar plates two times. All selected colonies were Gram-positive. This finding is supported by a previous study \[[@bib35]\] confirming that the most prevalent bacteria on the skin were Gram-positive, which included various species of the genera *Staphylococcus*, *Propionibacterium* and *Corynebacterium*. Low and inconsistent attainment of Gram-negative bacteria in the culture method is predictably caused by the transient nature of such species \[[@bib35]\]. Gram-negative bacterial species are believed to not include commensal skin microbiota because of the associations with environmental factors, such as the high humidity and climate of Depok City, Indonesia. However, Gram-negative bacteria are found on dry areas of the skin \[[@bib4]\].

3.3. Molecular identification of bacterial isolates {#sec3.3}
---------------------------------------------------

DNA of selected bacterial isolates was extracted and analysed by 16S rDNA sequencing for molecular identification. As shown by the phylogenetic tree, the dominant isolates belonged to the phyla Firmicutes and Actinobacteria. This finding was in agreement with the NGS results and was supported by microscopic observation of morphology. *S. hominis*, *S. warneri* and *M.* *luteus* are potential probiotic strains \[[@bib36]\]. These bacteria can be exploited either individually or as a bacterial cocktail for the development of microbial therapeutics for tropical diseases of the skin.

4. Discussion {#sec4}
=============

As the first-line defensive barrier, the human skin is occupied by a diversity of bacteria that are potential pathogens or probiotics. Our study employed swabbing as sample collection method, as it was shown not to significantly differ with other methods i.e scrape and punch, without being invasive to the subjects \[[@bib2]\]. The results of the present study showed that the dominant bacteria on the skin samples were members of the phyla Firmicutes and Actinobacteria ([Figure 4](#fig4){ref-type="fig"}). Bacterial composition of the skin microbiota differs depending on location, constitution, appendages, and topographical variability \[[@bib37]\]. In this result, abundance of *Staphylococcus* and *Propionibacterium* reflected facial skin site as sebaceous. Age and sex also plays important role in variability of skin microbiota compositions, as described in skin microbiota survey on Chinese, Finnish, and Brazilian populations \[[@bib38], [@bib39], [@bib40]\]. Diseased skin in particular, e.g atopic dermatitis (AD), leprosy, and hidradenitis suppurativa (HS) conditions are characterized by apparent changes in skin microbiota composition, such as underrepresentation of Firmicutes and increase in Proteobacteria for leprosy patients and appearance of genus *Porphyromonas* and *Peptoniphilus* in HS patients \[[@bib39], [@bib41], [@bib42]\]. Unique microbial activities and communities on different populations may serve valuable information to target diseases based on predictive models, or utilized beneficial health purposes \[[@bib43], [@bib44]\]. Of the most abundant species from the top 10 genera, five bacterial strains that are prospective candidates for probiotics/postbiotics for use as skin microbiome therapeutics were *Micrococcus* sp*., Propionibacterium acidipropionici*, *Propionibacterium granulosum*, *Propionibacterium avidum* and *Paracoccus* sp, while others are considered as opportunistic pathogens.Figure 4Relative abundance at phyla level of (F) female and (M) male subjects.Figure 4

According to Akbar et al*.* \[[@bib19]\], *Micrococcus luteus* has antibacterial activities against the foodborne pathogens *Salmonella typhimurium*, *Listeria monocytogenes*, *Escherichia coli*, *Klebsiella pneumoniae* and *Staphylococcus aureus*. *M*. *luteus* is especially potent against *S. typhimurium* and produces essential enzymes, including protease, lipase and phytase \[[@bib20]\]. *Propionibacterium* sp. found in dairy products are known for their probiotic activities. In particular, *P. acidipropionici* has received attention for its capability to modify the composition and metabolic activities of the intestinal microflora \[[@bib22]\]. Recent studies, however, have reported that, other than dairy propionibacteria, cutaneous bacteria have potential health benefits \[[@bib24]\]. The commensal skin residents *P. avidum* and *P. granulosum* are potent immunomodulators that were found to stimulate granulopoiesis in an *in vivo* study of swine \[[@bib45]\]. Furthermore, *P. avidum* improved the quality of life of colorectal carcinoma patients by immunostimulation against cells with a cytotoxic phenotype \[[@bib26]\]. *Paracoccus* sp. were initially used as probiotics for livestock because of the high contents of docosahexaenoic acid and eicosapentaenoic acid, which have potential to be further developed for skin therapeutics because of recent advancements in the attenuation of cutaneous inflammation by polyunsaturated fatty acids, which regulate cytokine synthesis and activities to promote wound healing \[[@bib46]\].

In addition to NGS, culturing followed by 16S rDNA sequencing was performed to isolate potential probiotic strains. In agreement with the NGS results, Actinobacteria and Firmicutes were the dominant phyla. This result corresponds to another study executed among small Brazilian population which showed Firmicutes is the most dominant bacteria population presented on the skin, followed by other phylum such as Proteobacteria, Actinobacteria, and Bacteroidetes \[[@bib39]\]. This finding also emphasize that geographical setting may affect the represented phyla, as Indonesia and Brazil have almost similar climate.

However, several strains have not been successfully isolated, namely, *Brevibacterium*, *Brachybacterium*, *Propionibacterium*, *Paracoccus* and *Truepera*. In particular, it is difficult to detect *Propionibacterium* as a member of the skin microbiota owing to its fastidious growth in cultivation medium, the aerotolerant anaerobic characteristics resulting in difficulties with the swabbing method, high subjectivity during colony selection and inappropriate growth conditions. Furthermore, the 16S rDNA regions can also affect the representation of several genera \[[@bib47]\]. In most cases, sequencing of the V1--V3 region generates the best 16S-based profile. However, these regions were unable to precisely classify genera when applied for OTU-based methods. On the other hand, sequencing of the V4 region was used in the Earth Microbiome Project \[[@bib48]\], but underrepresents *Propionibacterium acnes.*

From the cultivated bacteria, the species identified as probiotics included *Staphylococcus hominis* and *Staphylococcus warneri*, which secrete the antimicrobial peptide bacteriocin. This peptide can be developed as an active substance for skin microbiome therapeutics and cosmetic applications. Bacteriocin from commensal microbiota has been used in peptide-based cocktails for the treatment of infections and prophylaxis purposes \[[@bib49]\]. *S. hominis* produces hominisin, a potent bacteriocin that inhibits the activities of *S. aureus* strains \[[@bib36]\]. *S. warneri* is a commensal bacterium on the skin that rarely causes disease in humans \[[@bib50]\]. *S. warneri* is also shown to produce molecules with antimicrobial activities, namely, the bacteriocins Nukacin ISK-1 and Warnericin RK, which was the first antibacterial peptide with activity against *Legionella*. Coagulase negative staphylococci (CNS) strains *Staphylococcus hominis* and *Staphylococus warneri* have been assessed for their probiotic and safety properties, in which they exhibited potent antioxidative properties, and non-pathogenic traits proven by negative results of haemolytic, DNase, and gelatinase tests \[[@bib51]\]. Hofer et al. \[[@bib52]\] reported that *M. luteus* can produce DNA-repair enzymes that can be used to prevent ultraviolet-light-induced activation of photo neoantigens on the skin. Series of characterization also showed that *M. luteus* is regarded as potential topical probiotic for its inhibitory against *S. aureus* and ability to prevent cutaneous membrane infection *ex vivo* \[[@bib53]\]. It is reported that the application of probiotic bacteria may alter the microbiota composition in the skin of healthy individuals \[[@bib8]\]. Emergence of concerns regarding probiotic administration in safety and stability aspects has encouraged development of postbiotics−non-viable, soluble factors produced by probiotics−to achieve effective therapeutic goals and avoid problems related to administration of viable bacteria \[[@bib54]\]. The use of postbiotics-non-viable is also considered due to the instability and the difficulties in controlling the probiotic growth within cosmetic formulations. In the preparation, postbiotics can be recovered from probiotics using cell disruption methods including heat-killing, enzymatic treatments, solvent extraction, and ultrasonication \[[@bib55]\].

Several opportunistic pathogens were identified in skin microbiome alongside the potential probiotic strains. From cultivation method, opportunistic pathogens such as *Staphylococcus capitis, Staphylococcus saprophyticus,* and *Staphylococcus haemolyticus* were isolated. *Staphylococcus capitis* were associated with endocarditis and meningitis in infants, while *Staphylococcus saprophyticus* is known as urinary tract infection (UTI)-causing bacteria \[[@bib56], [@bib57]\]. *Staphylococcus haemolyticus* is an infamous multidrug resistant strain commonly found in normal skin flora and may cause septicemia, peritonitis, otitis, and UTI in patients with underlying disease \[[@bib58]\]. NGS analysis revealed *Corynebacterium amycolatum, Corynebacterium tuberculostearicum, Brevibacterium luteolum, Kocuria rhizophila, Propionibacterium propionicum,* and *Staphylococcus lentus* as opportunistic pathogens causing infections in various sites such as urinary tract, lacrimal apparatus, and peritoneum \[[@bib9], [@bib10], [@bib13], [@bib15], [@bib19], [@bib27], [@bib31]\].

Although we do not demonstrate the probiotic/postbiotic properties of the bacterial isolates in this report, the more important thing is the information of bacterial composition from the NGS along with the bacteria strains from Indonesian young people\'s skin, as they are the potential target for skincare products. Thus, from this preliminary study, the development of bioactive products for skincare and for treatment of skin disorders/diseases with preferences to be marketed in the tropical countries is challenging. Hence, to expand this precious collection for further studies, first, we will focus on microbiome-based therapeutic with their holistic approach, such as the probiotic/postbiotic products.

An additional quantitative PCR method using species-specific primers can be carried out to further characterise the abundance of bacteria in skin microbiota samples \[[@bib59]\]. Future studies are warranted to elucidate the metabolite composition and strain characteristics by genomic, proteomic, metabolomic approaches, and the potential of these isolated probiotics for use in skin microbiome therapeutics and skin care. Thus, the probiotic lysate can be implemented toward cell culture or other skin test models by comparing the microflora of healthy and diseased individuals to see the effect on the skin \[[@bib60]\].

Nonetheless, for the development of skin microbiome therapeutics, the cause-effect relationships determination and the design of microbiome-based therapies that are able to achieve predictable outcomes on the microbial community and host health are the biggest challenges in skin microbiome research. In spite of their potential health impact, a full list of lifestyle factors capable of altering human microbiota remains incomplete, for example a large, and potentially unfeasible, number of interventional studies are needed to fully explore the rich diversity of human actions and behaviors \[[@bib61]\]. Therefore, the interventions by design only test a small number of hypotheses \[[@bib62]\].

5. Conclusions {#sec5}
==============

In this study, we have successfully identified five potential probiotics through NGS profiling, namely *Micrococcus* sp*., Propionibacterium acidipropionici*, *Propionibacterium granulosum*, *Propionibacterium avidum* and *Paracoccus* sp. While, *S. hominis*, *S. warneri* and *M. luteus* were detected by performing 16S rRNA Sanger sequencing. *Micrococcus* genera was the only genera that was constantly detected among these two methods. There were differences in the probiotics variety detected by both NGS and sanger sequencing. However, the NGS profiling gives more significant results compared to conventional sanger sequencing. This study indicated that both NGS and sanger sequencing data are complemented one to each other to give insight towards bacteria compositions from human skin. The exploration of commensal bacteria from the human skin is a good step in the identification of probiotics as sources of active substances for use as pharmaceuticals for skin care and therapeutics.
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